2000)
. Moreover, SAMS catalyzes methionine to produce S-adenosylmethionine (SAM), the substrate for ethylene synthesis (Heby and Persson, 1990; Tabor, 1984) . S-adenosylmethionine is further catalyzed to 1-aminocyclo-propane-1-carboxylic acid (ACC) by ACS, which is encoded by multiple gene families and has been cloned and isolated from Arabidopsis thaliana (L.) Heynh., tomato, apple, banana (Musa acuminata Colla), kiwi [Actinidia deliciosa (A. Chev.) C. F. Liang & A. R. Ferguson], pear (Pyrus communis L.), plum (Prunus domestica L. subsp. domestica), melon (Cucumis melo L.), and other plant species (Xu et al., 1998; Lin et al., 2009) ; while ACO is the key enzyme during in the last stage of ethylene biosynthetic pathway, which could catalyze ACC to synthesize ethylene (Yin et al., 2009; Xu et al., 1998) .
Remarkable progress has been made in understanding the ethylene biosynthetic and signal transduction pathways in plants. The key enzyme of the ethylene signal transduction pathway is encoded and regulated by multiple number of gene families. A large number of ethylenerelated genes have been isolated from different plants such as tomato, melon, apple, and kiwi (Chen and Zhang, 2006; Xu et al., 1998; Lelièvre et al., 1997) . Recently, the increasing reports proved the basic framework of ethylene signal transduction pathway by screening and using the mutant based on the phenomenon of the Arabidopsis triple response to ethylene production (Das et al., 2015; Yin et al., 2009; Adams-Phillips et al., 2004; Chao et al., 1997; Chang, 1996; Guzman and Ecker, 1990) . In the ethylene signal transduction pathway, ethylene is deactivated by binding with ethylene receptor (ETR) family members (ETR1, ETR2, ERS1, ERS2, and EIN4) located on endoplasmic retina under the effect of cofactor copper ions (Wang et al., 2002) . After binding with the receptors, ethylene transmits the signal to constitutive triple response (CTR) 1 to reduce its activity, leading to decreased dephosphorylation of EIN2 (Ju et al., 2012) . The C-terminal of dephosphorylated EIN2 is cut off by protease, which then enters the nucleus to promote the accumulation of EIN3/EIL1, while EIN3/EIL1 further induces the expression of downstream ethylene response factor (ERF) and activates the transcription of ethylene responsive genes under the control of ERF to trigger the ethylene responses (Qiao et al., 2012; Chen et al., 2011; An et al., 2010; Binder et al., 2007; Guo and Ecker, 2003; Potuschak et al., 2003) . During this process, ETR is an ethylene receptor, CTR1 is a negative regulator, EIN2 is a transmembrane protein, and both EIN3/EILs and ERF are positive transcription factors in ethylene signal transduction.
EIN3, a key nuclear transcription factor in the ethylene biosynthetic and signal transduction pathways, has attracted increased attention in recent years. It is the downstream regulatory gene of the ethylene signal transduction pathway and directly effects ERF genes and other genes related to fruit maturity and aging. ERF genes are the target genes of EIN3 containing primary ethylene response elements (PEREs) in their promoter regions (Blume et al., 1997; Lasserre et al., 1997) . The identification of EIN3 provided direct evidence for its role in nuclear regulation in the early ethylene signal transduction pathway. The insensitivity of EIN3defective mutants to ethylene indicates that EIN3 is a positive regulator of the ethylene signal transduction pathway (Chao et al., 1997) . The ethylene receptors CTR1 and EIN2 are the primary regulators that immediately respond to ethylene. Ethylene receptors also interact with EIN2 (Bisson and Groth, 2010; Bisson et al., 2009) .
Ethylene controls EIN3 through the ubiquitin degradation pathway (Santner and Mark, 2010; Stone et al., 2003; Hershko et al., 2000) . In the absence of ethylene, receptors activate CTR1, which are blocked on the perception of ethylene by receptors, prevents the positive regulation of ethylene signaling by EIN2. The expression levels of downstream EIN3 are regulated through the action of at least two related F-box proteins: EIN3-binding F-box protein 1 (EBF1) and EIN3-binding F-box protein (EBF2). Ein2 and ein3 mutants enhanced ethylene responses by stabilizing EIN3, and efb1 and efb2 double mutants showed constitutive ethylene phenotypes. EIN3 modulated the feedback regulation mechanism for EBF2 in the ethylene signal transduction pathway and can directly upregulate the expression of EBF2 by acting as a transcription factor; however, a regulatory relationship between EIN3 and EBF1 were not found (Konishi and Yanagisawa, 2010) . These data indicated that the ubiquitin-proteasome pathway negatively regulates ethylene responses by targeting EIN3 for degradation, and the C-terminal of dephosphorylated EIN2 enhanced the transcription of EIN3/EIL1 and inhibited the translation of EBF1/2 Binder et al., 2007; Gagne et al., 2004; Guo and Ecker, 2003; Potuschak et al., 2003; Yanagisawa et al., 2003) . The tomato EIL gene, a homologous gene of EIN3, was highly expressed during fruit ripening and aging (Yokotani et al., 2003) . In tomato, inhibiting the expression of LeEILs through transgenic approaches drastically affected ethylene responsiveness, and fruit ripening and aging were regulated by adjusting the mRNA level of LeEILs (Tieman et al., 2001) .
Although EIN3 was reported in many plants, researches on the structure and function of EIN3 proteins from fruit trees like peach remained limited. Next to apple and pear, peach is the third most commonly produced temperate tree fruit species, and it is the best-known temperate fruit species from a genetics perspective and was applied as a model plant in numerous studies (Byrne et al., 2012) . Moreover, peach is a typical climacteric fruit on the basis of the differences among their ethylene release and respiration intensities during maturation. Unlike nonclimacteric fruits, climacteric fruits had drastic ethylene biosynthetic pathways and responses. Peach was a very promising climacteric drupe model, and its ripening process was greatly influenced by the biosynthesis and transduction of endogenous ethylene. To understand the molecular mechanism of peach ripening, we cloned PpEIN3 and characterized its sequence structures, functional domains, evolutionary relationships, and promoter elements through bioinformatics analysis. Furthermore, we detected the spatiotemporal expression profiles of PpEIN3 during peach fruit development and verified the biological functions of PpEIN3 in overexpression and VIGS-transient-transformed tomato. Our work provided important evidence for the regulatory roles and biological functions of ethylene signal transduction components in peach ripening.
METHODS AND MATERIALS

Plant Material
Peach cultivar Yamanehakuto was harvested from Jiangsu Academy of Agricultural Sciences, China. Collected tissues were frozen immediately in liquid nitrogen and stored at −70°C until RNA extraction.
Plants of the tomato cultivar Lichun were used for agroinfiltration and vacuum infiltration experiments. Tomato seeds were procured from the market and surface sterilized through 10 min of soaking in hot water at 50°C. After 10 h of immersion, tomato seeds of similar size were placed in Petri dishes covered with moist filter paper. The seeds were pregerminated for 3 to 5 d in the dark. Tomato seedlings were allowed to grow to heights of 2 cm. After ~3 wk of germination, the seedlings were transplanted to culture dishes containing a soilless potting mixture and moved to the greenhouse. Greenhouse conditions were maintained at 25 to 20°C and 70% humidity. Tomato plants were cultivated under a 14 h light and 10 h dark regime.
RNA Isolation and Complementary DNA Synthesis
Total RNA was extracted from fruit samples through cetyltrimethyl-ammol/lonium bromide (CTAB) method with some modifications per Chang et al. (1993) . Briefly, 0.05 g of sample was ground in a mortar with liquid nitrogen. The powdered tissue was transferred to a microfuge tube containing 500 mL of 2% CTAB buffer (2% CTAB; 100 mM Tris, pH 8.0; 20 mM EDTA; and 1.4 M NaCl) mixed with 2% b-mercaptoethanol prior to use. Samples were incubated for 20 min at 65°C. Suspensions were extracted twice with chloroform-isoamyl alcohol (24:1). Next, 0.25 vol. 10 M LiCl was added to the aqueous phase of the suspension, and RNA was allowed to precipitate from the suspension for 60 min at −20°C. The precipitate was then dissolved in TE buffer and extracted with phenol-chloroform-isoamyl alcohol and chloroform-isoamyl alcohol. The RNA was reprecipitated, washed twice, dried on a clean bench, and resuspended in 30 mL of diethylpyrocarbonate water. The RNA (2.0 mL) was reverse transcribed to complementary DNA (cDNA) with M-MLV RTasecDNA Synthesis Kit (TaKaRa Biotechnology, Dalian Co., Ltd.). The following primers were used for reverse transcription: P1 (5¢-GCAG-GACTGCAGCTGACTGACTACT30VN-3¢) and P2 (5¢-GACCAGTGGTATCAACGCAGAGTACGCGGG-3¢).
Polymerase Chain Reaction Amplification of the PpEIN3 Open Reading Frame Polymerase chain reaction (PCR) amplification was performed with cDNA as the template and PpEIN3-1 and PpEIN3-2 primers. The reaction system had a total volume of 25 mL and contained 2.0 mL of cDNA sample (10-100 ng mL −1 ), 12.5 mL of 2´ Hieff PCR Master Mix, 1.0 mL of the two gene-specific primers (10 pmol mL −1 ), and 8.5 mL of RNAase-free H 2 O. The corresponding reaction program comprised a 30 s denaturation cycle at 94°C, a 30 s annealing cycle at 58°C, 38 2-min extension cycles at 72°C, and a final 10-min extension cycle at 72°C. The PCR products were verified through agarose gel electrophoresis and recovered in accordance with the instructions of the FastPure Gel DNA Extraction Mini Kit (Vazyme Biotech, Nanjing Co., Ltd.).
Vector Construction
The amplified target fragment was connected to the pMD19-T vector by using T4 DNA ligase and used to transform Escherichia coli DH5a. Plasmids containing the pCAMBIA-1302 vector were digested with Bgl II and Spe I, and those containing the pTRV2 vector were digested with BamH I and Xba I. All plasmids were ligated with DNA Ligaftion Kit Ver 2.1. The plasmid vectors were transferred to Agrobacterium EHA105, and positive clones were identified through colony PCR. Finally, the successful construction of the expression vector was confirmed as shown in Fig. 1 . 
Expression Analysis
Semiquantitative PCR was performed using the cDNA synthesized through reverse transcription as described above. The peach actin gene (GenBank accession number AB046952) was used as the endogenous control. The related primer sequences are presented in Table 1 . The reaction volumes for semiquantitative PCR contained 2.0 mL of cDNA sample, 12.5 mL of 2´ Hieff PCR Master Mix, 1.0 mL of both gene-specific primers, and 8.5 mL RNAasefree H 2 O. Semiquantitative PCR was performed with the following cycling standard conditions: denaturation at 94°C for 30 s, annealing at 58°C for 30 s, and extension at 72°C for 2 min for 38 cycles followed by a final 10-min extension cycle at 72°C and cooling at 16°C for 4 min.
The expression of the genes related to ethylene biosynthesis and signaling pathways in fruit was detected through quantitative real-time PCR (qRT-PCR). The primers used are listed in Table 1 . The qRT-PCR was conducted with the ABI PRISM 7500 real-time PCR system (Applied Biosystems, USA). Each reaction had a total volume of 20 mL and contained 10 mL of 2´ SYBR Green Master Mix Reagent (Applied Biosystems, USA), 2.0 mL of cDNA sample, and 400 nM gene-specific primers. Thermo cycling conditions were established with an initial 2 min polymerase activation cycle at 95°C, followed by 40°C 15-s cycles of template denaturation at 95°C, 15 s of annealing at 60°C, and 20 s of extension and ñuorescence measurement at 72°C. Each assay was replicated three times with a tissue replicate that corresponds to a tissue sample collected from one of the three orchard plots. Raw fluorescence data taken from the My-IQ 2 detection system were exported to Microsoft Excel, and the relative quantification expression levels of the related genes were calculated through the 2 −DDCT method (Livak and Schmittgen, 2001) . In each biological test, three repeats were used for the expression analysis of a certain gene in one sample (PCR template). Three biological replicates were established.
Agroinfiltration and Vacuum Infiltration
Plant infiltrations with tomato fruit were performed as described by Ratcliff et al. (2001) with some modifications. The Agrobacterium strain GV3101 containing pTRV1 or pTRV2 and its derivatives were used for virusinduced gene silencing (VIGS) experiments. The Agrobacterium strain GV3101 containing pCAMBIA-1302 was used in the transient expression experiment. The Agrobacterium strain GV3101, which contained TRV-VIGS and pCAMBIA-1302-modvectors, was grown at 28°C in LB medium containing 10 mM MES and 20 mM acetosyringone with the appropriate antibiotics. After 24 h, Agrobacterium cells containing pTRV1 or pTRV2 and its derivatives were harvested and resuspended in Agrobacterium infiltration buffer (10 mM MgCl 2 , 10 mM MES, pH 5.6, and 150 mM acetosyringone) to a final OD600 of 1.0. The suspensions were shaken for 4 to 6 h at room temperature before infiltration.
Each Agrobacterium strain containing pTRV1 and pTRV2 or its derivative vectors was mixed in a 1:1 ratio and infiltrated into the carpopodia of tomato fruit attached to the plant at ~10 d after fruit setting. The 1-mL needleless syringe was used for infiltration. Harvested tomato fruits of about 10 d after fruit setting were subjected to vacuum infiltration as follows: tomato fruit were harvested at the mature green stage; four fruits for each construct were collected, placed in the bacterial suspension, and then subjected to vacuum infiltration at 30 mmHg for 30 s; after release from the vacuum, the surfaces of the fruit were washed with tap water; and infiltrated fruit were maintained for >10 d in a plastic tray at 18°C. Tomato fruit infiltrated with TRV or pCAM-BIA-1302 alone were used as the control.
Bioinformatics Analysis
The protein sequence of PpEIN3 was retrieved by using BioXM software. The corresponding EIN3 sequences of seven different species were obtained by using National Center for Biotechnology Information (NCBI) BLAST (https://blast.ncbi.nlm.nih.gov/Blast.cgi). These protein sequences include SlEIL3 (S. lycopersicum, accession number NP_001234546.1), MdEIN3 (Malus domestica, accession number XP_008346133.1), MaEIN3 (Musa acuminata, accession number XP_009404687.1), FvEIN3 (Fragaria vesca, accession number XP_004306440.1), CsEIN3 (Cucumis sativus, accession number XP_004140927.1), VvEIN3 Code no.
Sequence (5¢-3¢) Use 
RESULTS
Cloning, Bioinformatics Analysis, and Characterization of PpEIN3 from Peach 'Yamanehakutou'
We cloned and characterized PpEIN3 to determine its function in peach fruit ripening and revealed that the ORF of PpEIN3 (GenBank accession number XM_020556789.1) had a length of 1875 bp and encoded for 624 amino acid polypeptides (accession number XP_020412378.1). A domain, designated as EIN3 (accession number pfam04873), was observed in the corresponding amino acid sequence of PpEIN3. This domain contained an AD, a PR, and five BDs. The corresponding regions were marked with reprehensive colors in Fig. 2A . The alignment of PpEIN3 and homologous sequences from seven other fruit crop species revealed that the sequences shared 65.12% homology. Sequence homology between PpEIN3 and MdEIN3 exceeded 80%. Highly conserved sites clustered in the 90 to 280 region, which approximately matched the location of the EIN3 domain, suggesting functional center of the EIN3/EIL family. Several important DNA-binding sites, including AD, PR, and BD I-V, were identified in the sequences. These regions are marked by different colors in Fig. 2A . The primary amino acid sequences of PR and BD I-IV were well conserved. By contrast, the sequences of AD and BD V were variable. Sequence variability is a common feature of the EIN3 family ( Fig. 2A,B) .
We further compared the details of the structural domains in the EIN3/EIL proteins for verifying the extent of their conservation (Fig. 2C) . We found similarity to that in PpEIN3, the near N-terminal region in each of the seven proteins contains an EIN3 domain. The EIN3 domains of six proteins comprised 246 amino acids, whereas those of SlEIL3 and MaEIN3 possess contained 305 and 248 residues, respectively. The similarity between the lengths and locations of the EIN3 domain across proteins implied that it is a distinguishing characteristic of the EIN3/EIL protein family.
In addition, the tertiary structures of PpEIN3 and other homologous proteins were predicted and compared (Fig. 2D) . The present results showed that PpEIN3 mainly consisted of a helixes and random coils and contained a small amount of b turns and extended strands. The tertiary structures of most of the proteins, except for those of VvEIN3 and SlEIL3, showed high degree of similarity. In particular, the tertiary structure of PpEIN3 strongly resembled that of MdEIN3 given the notable sequence consistency and their almost identical domain positions. These characteristics suggested that these two proteins share potentially similar functions.
Phylogenetic and Conservative Analysis of EIN3 Proteins from Different Plant Species
A phylogenetic relationship tree of homologous EIN3 proteins from eight plant species was constructed for further identifying the potential function, evolutionary relationships, and conservation of PpEIN3. The eight homologous proteins were classified into Groups 1 and 2. Group 1 included only MaEIN3. Group 2 contained all other sequences and was further divided into Subgroups 1 and 2. Subgroup 1, highlighting in blue in the phylogenetic tree, contained PpEIN3, SlEIL3, MdEIN3, VvEIN3, and FvEIN3. Subgroup 2, appearing in orange in the phylogenetic tree, contained CsEIN3 and AtEIN3. Notably, in the phylogenetic tree, PpEIN3 was closer to FvEIN3, VvEIN3, MdEIN3, and SlEIN3 than other orthologous ones, which is similar to those of sequence alignment.
The motifs of PpEIN3 and its homologous proteins were searched in this work, as shown in Fig. 3B ; the motifs of EIN3/EIL protein are numbered 1 through 14 in leftto-right order. PpEIN3 and MdEIN3 shared all 14 motifs without any considerable differences in length and position. VvEIN3, FvEIN3, and CsEIN3 differed by one motif, such as motif11 or motif13. The negligible differences among these motifs indicate that these proteins are closely related. By contrast, the motif type, position, and number of MaEIN3 and AtEIN3 drastically differed from those of other proteins. In particular, MaEIN3 lacked almost half of the 14 motifs. All of the investigated EIN3/EILs shared motif3, motif4, motif5, motif7, motif8, and motif9 with invariable sequences and distribution orders. As illustrated in Supplemental Fig. S1, motif4 , motif5, motif7, and motif8 but not motif3 shared nearly identical amino acids at the same sites.
These results indicate that one third of the motifs are highly conserved and are integrated in the structural centers of EIN3/EILs. Thus, these motifs likely share similar functions. Moreover, the similarities between the structures of PpEIN3 and MdEIN3 reflected their similar functions.
Analysis of the Promoter cis-elements of PpEIN3
Given that the cis-elements of promoters could provide clues for the functions of their corresponding genes, we analyzed the compositions of the promoter of the EIN3 genes. As shown in Table 2 , promoter elements can be classified as light-related, hormone-related, stress-related, and tissue-specific elements on the basis of their diverse functions. The absolute dominance of the elements related to light responsiveness may be attributed to the importance of light for photosynthesis in green plants. In addition, some elements related to abscisic acid, MeJA, auxin, and salicylic acid responsiveness were identified. The presence of these elements suggests that PpEIN3 may participate in hormone signal transduction in the modulation of peach growth and development.
Differential Expression Profiles of PpEIN3 in Diverse Peach Tissues
The PCR results indicated that PpEIN3 was differentially expressed in different tissues at different stages of plant growth and development. As shown in Fig. 4 , PpEIN3 was expressed at low levels in flowers and young fruit at 15 d after flowering and at high levels in leaves and fruit at 40 and 90 d after flowering. These expression patterns suggest that PpEIN3 exhibits spatiotemporal expression and may plays important roles in the middle and late stage of peach fruit development ripening. Thus, PpEIN3 may be involved in the modulation of peach fruit development and ripening. 
Transient Overexpression of PpEIN3 in Tomato
We transiently overexpressed PpEIN3 by injecting the PpEIN3 overexpression (PpEIN3-OE) construct into tomato fruit at the late green fruit stage (~15 d after fruit setting) and used the empty pCAMBIA1302 vector as the control. As shown in Fig. 5A and 5B , PpEIN3-OE drastically accelerated tomato fruit ripening. PpEIN3-OE fruit began to redden at only 5 d after construction injection and fully reddened at 10 d after injection. By contrast, the control fruit only began to redden at 10 d after injection. We analyzed the expression level of PpEIN3 in PpEIN3-OE tomato fruits to determine whether the high expression of PpEIN3 accelerated ripening. Semiquantitative expression analysis showed that PpEIN3-OE considerably increased PpEIN3 transcript levels (Fig. 5C ). Further qRT-PCR data exhibited that the PpEIN3 strongly altered the expression of SlACO1, which catalyzes ACC to produce ethylene in the last step of the ethylene biosynthesis pathway (Fig. 5D ). SlACS1 and SlSAMS1, another two key genes at the upstream of SlACO1 in ethylene synthesis pathway, were also upregulated to various degrees (Fig. 5E,F) . This result indicates that PpEIN3-OE might feedback upregulate the expression levels of the three key ethylene synthetic genes of SlACO1, SlACS1 and SlSAMS1, and thus promote fruit ripening process; at the same time, this suggests that PpEIN3 plays an active role in the modulation of fruit development and ripening.
Viral-induced PpEIN3 Silencing in Tomato
In this study we also tested whether the TRV vector can directly infect tomato fruit through real-time PCR (RT-PCR) analysis with first-strand cDNA and TRV-RNA2specific primers. The TRV-RNA2-specific PCR product was present only in the TRV-infiltrated fruit and was absent from untreated fruit. We confirmed that the identity of the PCR products through sequencing (Fig. 6C ).
All these results demonstrated that recombinant TRV can efficiently disseminate and replicate in tomato fruit and suggested that TRV-based vector could be used to establish the VIGS system in tomato fruit.
To validate the functions of PpEIN3, the VIGS construct that targeted PpEIN3 was generated and then was placed under the control of the cauliflower mosaic virus 35S promoter using the digestion of BamH I and Xba I, and then performed transient PpEIN3-silencing by injecting the construct into tomato fruit at the middle of the green fruit stage (~10 d after fruit setting). Based on the 553-to 873-bp region contained in the domain of PpEIN3, which possessed high similarity with SlEIN3, the primers were designed to construct the PpEIN3-silencing vector for the interference with SlEIN3 expression (Supplemental Fig. S2; Fig. 6E ). The empty vector was injected as the control. As illustrated in Fig. 6A and 6B , PpEIN3-silencing inhibited fruit ripening. The inhibition of fruit ripening was reflected by the pale color of the PpEIN3-silenced fruit. The maturation time of the PpEIN3-silenced fruit was longer than that of the control. Fruit injected with the empty vector fully reddened after 25 d, whereas fruit injected with PpEIN3-silencing construct failed to redden. We examined the expression of SlEIN3 in the control and PpEIN3-silenced fruit to test whether the inhibition of fruit color development was correlated with the downregulation of SlEIN3 expression. The expression of SlEIN3 in the fruit injected with PpEIN3-silencing construct was lower than that in the control fruit (Fig. 6D ). Inhibiting the expression of SlEIN3 in tomato can delay fruit ripening. This result indicates that PpEIN3 plays an active role in fruit ripening and aging.
DISCUSSION
The biosynthetic and regulatory mechanisms of ethylene have been studied in various climacteric fruit species. The ethylene transcription factor EIN3/EIL is an important component of ethylene signal transduction. It could cooperate with ERF to regulate physiological responses to ethylene. It was first used in transposon tagging to isolate EIN3 from an ethylene-insensitive Arabidopsis mutant (Chao et al., 1997) . A large number of EIN3/EIL genes have been isolated and reported from different plant species, such as tobacco (Nicotiana tabacum L.), tomato, mung bean [Vigna radiata (L.) R. Wilczek var. radiate], and rice (Oryza sativa L.), and have been proven to participate in ethylene signal transduction and regulate reactions to ethylene (Kosugi and Ohashi, 2000; Tieman et al., 2001; Lee and Kim, 2003; Mao et al., 2006) . However, the previous studies were focused on the structures, functions, and expression patterns of EIN3/EILs from herbaceous plants and rarely focused on EIN3/EILs from woody plant species such as peach. For example, the structure and defensive response to Fusarium wilt of EIN3/EIL family were analyzed and verified in upland cotton (Gossypium hirsutum L.) (Zhang et al., 2017) ; and another study showed that the expression of SlEILs gradually increased throughout the process of fruit maturation in tomato (Xu et al., 2003) .
Our multiple sequence alignment results showed that EIN3 sequences from seven different plant species share 65.12% homology and common AD, PR, and BD I-V regions. These results are in accordance with those reported by Chao et al. (1997) . In addition, all these investigated sequences exhibit the same EIN3 domain, which is a typical characteristic of the EIN3/EIL family. All of the predicted tertiary structures of the sequences, except for VvEIN3 and SlEIL3, are highly similar and conserved. Given their similar structures, the investigated EIN3 sequences likely share similar functions. Interestingly, we revealed that PpEIN3 was more closely related to VvEIN3 than to MdEIN3 in the phylogenetic tree. By contrast, the analysis of conserved domains, tertiary structure, and protein motifs indicated that PpEIN3 was more closely related to MdEIN3 than to VvEIN3. These differences between diverse results of analysis are expected to be further investigated. The results of promoter's cis-element analysis imply that PpEIN3 may participate in plant growth and development regulation and may be involved in signal transduction among hormones, including abscisic acid, salicylic acid, MeJA, and auxin. Salicylic acid reduces the related transcription factors protein levels dependently of EIN3/ EIL1 to enhance plant resistance against necrotrophic fungus (He et al., 2017) . Ethylene can delay flowering by inhibiting gibberellins, in which EIL accumulation is regulated (Achard et al., 2007) . Nevertheless, given that we failed to find an ethylene-responsive motif in the PpEIN3 promoter, it is deduced that PpEIN3 may indirectly respond to ethylene by first responding to other hormone signals or was activated by ethylene at the protein level (Wang et al., 2002) . The results of our tissue specificity study showed that PpEIN3 expression increased during fruit maturation, suggesting that PpEIN3 may participate in fruit development and maturity.
EIN3, EIL1, and EIL2 were involved in ethylene signal transduction. It was proven that exogenous ethylene could promote the expression of PpEIL1 and PpEIL2 in the peach cultivar Feicheng but did not perform relevant experiments on PpEIN3 (Zhao, 2009) . Whereas, in other plants, their orthologous genes had been reported that in kiwi fruits, AdEIL2 and AdEIL3 were involved in fruit cold injury response, and their overexpression in Arabidopsis significantly induced the expression of endogenous fruit softening genes (Yin et al., 2010) . Similarly, the apple MdEIL2 can also promote fruit softening process, and the banana MaEIL5 may participate in fruit after-ripening (Tacken et al., 2010; Shan et al., 2012) , while the downregulation of LeEILs expression affected all ethylene responses examined, including leaf epinasty, flower abscission, flower senescence and fruit ripening (Tieman et al., 2001) . Furthermore, EIN3/EILs can activate downstream ethylene response genes like ERF1, and their positive transcription regulation effects were mainly implemented by identifying the target promoter cis-elements (Solano et al., 1998; Yin et al., 2010; Kosugi and Ohashi, 2000) . In contrast, in our work, we revealed that tomato fruits with transient PpEIN3-OE reddened earlier than the control tomato fruits, which demonstrated that PpEIN3 can accelerate fruit ripening; meanwhile, PpEIN3-OE drastically increased PpEIN3 transcript levels and also upregulated the expression of SlACO1, SlACS1, and SlSAMS1, which might be due to the existence of a kind of potential positive feedback regulation. This is similar to the previous study that EIN3/EILs could recognize the cis-element PERE and ECBS in the promoters of their target gene ACO to facilitate its expression and thus increased ethylene production, which could promote early maturation of fruits (Blume et al., 1997; Yin et al., 2010) . Although there is no specific explanation for the upregulation of SlACS1 and SlSAMS1 in predecessors' research, we found PpEIN3 possessed the strong feedback regulation on ethylene biosynthesis that overexpression of PpEIN3 could obviously upregulated the expression levels of all of three key genes in ethylene biosynthesis pathway and subsequently promoted the ethylene synthesis, which also proves that PpEIN3 is a positive regulator of the fruit mature process.
All above results confirmed that PpEIN3 functions as an active regulator in fruit development and ripening. Fruit ripening was inhibited on the knockdown of PpEIN3 through VIGS technology, as reflected by the pale color of the PpEIN3-silenced fruit. In addition, the PpEIN3silenced fruit presented a longer maturation time than the control fruit and drastic reductions in SlEIN3 expression. These results strongly confirmed that PpEIN3 was a positive participant in the regulation of fruit development and ripening. Our findings can provide insight on the regulatory roles and biological functions of the components involved in ethylene signal transduction pathway.
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